Background. Despite evidence that many of the consequences of stroke that hinder recovery (i.e., obesity, muscle atrophy, and functional declines) have nutritionally modifiable behavior components, little attention has been focused on the significance of nutrition beyond the acute phase of stroke. Objective. This literature review summarizes the evidence for and against the influence of nutrition on optimal recovery and rehabilitation in chronic (>6 months) stroke. Results. The literature, which is mainly limited to cross-sectional studies, suggests that a suboptimal nutritional status, including an excess caloric intake, reduced protein intake, and micronutrient deficiencies, particularly the B-vitamins, vitamin D, and omega 3 fatty acids, may have deleterious effects on metabolic, physical, and psychological functioning in chronic stroke survivors. Conclusions. Careful evaluation of dietary intake, especially among those with eating disabilities and preexisting malnutrition, may aid in the identification of individuals at increased nutritional risk through which early intervention may benefit recovery and rehabilitation and prevent further complications after stroke.
Introduction
Since stroke is the leading cause of long-term disability [1] , identifying and managing potential risk factors that may hinder a full recovery remain to be of great importance. Although literature is available supporting a role of inadequate nutrition in elevated stroke risk [2] and poor stroke recovery during the acute-stage [3] , little attention has been focused on the significance of suboptimal nutrition on the development of metabolic, physical, and psychological dysfunction in chronic (>6 months) stroke. This is in spite of evidence that many of the consequences of stroke that hinder recovery (i.e., obesity, muscle atrophy, and functional declines) have nutritionally modifiable behavior components. Chronic stroke survivors are at greater risk for developing nutrition-related chronic disease, including Type 2 Diabetes Mellitus (T2DM) and osteoporosis [4, 5] . Further, reduced physical and cognitive functioning and depression, which are more common among stroke survivors than healthy age-matched adults, are influenced by nutritional status [6, 7] . Thus, promoting optimal nutrition can enhance the efficacy of stroke rehabilitation through their positive influence on metabolic, physical, and mental functioning.
This literature review focuses on the assessment of nutritional status, factors that affect nutritional risk, and the possible consequences of poor dietary patterns on optimal recovery and rehabilitation in chronic stroke. Of importance to note is that ischemic stroke comprises 80-85% of all stroke cases and only 15-20% of the cases are hemorrhagic [8] ; thus, the majority of the available literature is limited to ischemic stroke.
Assessment of Nutritional Status in Chronic Stroke
Discrepancies in how nutritional risk is defined (i.e., variations in inclusion of subjective reporting of dietary intake and objective anthropometric measurements and laboratory tests) are known to affect the categorization of malnutrition following acute stroke [9] and are likely similarly relevant in chronic stroke. Traditional methods for assessing dietary intake (i.e., food records, food frequency questionnaires 2 Stroke Research and Treatment (FFQs), and 24-hour recalls) rely on information reported directly by a patient. However, the accuracy of these methods may be diminished by numerous factors after stroke, including cognitive and visual impairments and apraxia [10] and reliance on caregiver reporting. Further, medications and comorbidities may affect the absorption and utilization of nutrients. Thus, assessment of more objective measures of nutritional status also may be useful. Objective measures, including anthropometric (i.e., body weight, BMI, skinfold, or arm circumference) and biochemical clinical indictors (i.e., albumin, prealbumin, transferrin, and lipids) also may be monitored at baseline and as changes occur over time to assess nutritional status. Change in body weight is the most common anthropometric measure of malnutrition used, with weight loss associated with low albumin and prealbumin values after stroke [11] . It is observed that ∼45% of stroke survivors lose > 3 kg of body weight within the first 16 months after their stroke onset [11] . Albumin is the most common biomarker used to assess malnutrition, with albumin concentrations found to be lower in chronic stroke survivors than in age-matched nonstroke controls [12] . Clinicians should be aware of the strengths and limitations of each measure and should likely use a combination of markers instead of a single one to assess nutritional risk.
To overcome problems of definition, numerous screening assessment tools are available. The subjective global assessment (SGA) [13] and mini nutritional assessment (MNA) [14] are the most frequently used nutritional screening tools used in hospitalized stroke patients [15] . Although both are validated for use in disease or injury states, neither is validated specifically in a stroke population [9] . It appears that the MNA predicts a higher prevalence of nutritional risk and may more accurately predict length of stay in an older geriatric population; however, it may not be appropriate in those who cannot provide reliable self-assessment such as those with confusion or serious poststroke aphasia and apraxia [16] . Using screening assessment tools, there is evidence that 12-41% of stroke survivors are at risk for malnutrition at six months [17] [18] [19] and 11% at 16-18 months [11, 20] , with limited data beyond the first two years after stroke. The following sections will outline the justification for the need to better understand nutritional risk in chronic stroke survivors as poor nutrition can have negative consequences on stroke recovery.
Factors Affecting Dietary Intake and
Nutritional Risk during Chronic Stroke Recovery (Figure 1 )
Upon entering the chronic phase of stroke, the prevalence of preexisting medical conditions, such as malnutrition, obesity, and comorbidities, may affect a survivor's current nutritional status by altering nutritional needs. Underweight and malnourished stroke patients are more likely to be dependent, have medical complications, and have lower functional (i.e., self-care and mobility) outcomes at six months [3, 21, 22] . Conversely, those that are obese and with other chronic conditions are less likely to demonstrate improvements in motor impairment and functional mobility performance [23] . These data indicate that those at either extreme of the BMI spectrum entering into the chronic phase of stroke are at elevated nutritional risk.
A greater severity of stroke can continue to compound baseline nutritional inadequacies by affecting an ability to eat due to physical limitations. Eating problems (i.e., problems with chewing, swallowing, and leakage of food from the mouth) and loss of upper arm function contribute greatly to reduced caloric intake. Other physical factors that could affect the ability to carry out activities required to eat a meal after stroke include impairments with postural control, vision, and cognition. Studies suggest that in the chronic phase of severe stroke ∼30-50% of survivors require assistance with eating and 5-10% require to be fed [24] .
A stroke also can alter the desire to eat. Anxiety and depression, which may occur with the inability to return to prestroke independence levels [28] , are associated with weight loss [29] and lower appetite scores [17] in stroke survivors. Further, the initiation or combination of several medications (stroke survivors are discharged home on an average of 11.3 medications [30] ) is associated with lack of appetite, xerostomia, and the potential for constipation, which may affect the desire to eat. This impedance to dietary intake may predispose stroke survivors to a suboptimal nutritional status upon entering the chronic phase of recovery.
Consequences of Inadequate Nutrition in Chronic Stroke
Since the majority of nutritional risk factors present for primary stroke are the same for secondary stroke prevention, including diets rich in fruits and vegetables (antioxidants and dietary fiber), fish and milk, B-vitamins, potassium, calcium, and magnesium and lower in sodium and dietary fat, and are available elsewhere [2] , this review will focus on the importance of assessing nutritional status to prevent metabolic, physical, and psychological dysfunction necessary for optimal rehabilitation and recovery in chronic stroke (summary provided in Table 1 ). [31] . Hemiparesis may result in body composition changes, including increases in fat mass and decreases in fat-free mass in the paretic versus the nonaffected leg [32] . While not always observed [33] , we [34] and others [35] show that resting metabolic rate (RMR), the main contributing component of total daily energy expenditure, is ∼10-20% lower than predicted and is related to fat-free mass in chronic stroke survivors with hemiparesis, indicating that muscle atrophy after stroke may lead to a reduced RMR. A reduced RMR, as well as a sedentary lifestyle [36] , may predispose stroke survivors to obesity by reducing daily caloric requirements. Indeed, by one year after stroke, the prevalence of obesity may be as high as ∼40% [37] . Obese stroke survivors are more likely to have elevated vascular risk factors, including T2DM, depression, hypertension, low HDL cholesterol, and obstructive sleep apnea [4] . However, it must be recognized that functional recovery [38, 39] and 10-year survival [40] are significantly better among those that are overweight and obese than those who are of normal weight, highlighting an obesity paradox with regard to body weight and recovery in stroke.
Sarcopenic obesity is related to reduced functional performance, elevated inflammatory profiles, a worse psychological status, and a reduced quality of life [41] . Ensuring an optimal nutritional intake of calories and protein is essential to maintain muscle mass and preventing the development of obesity and other chronic diseases. There is evidence that, at six months after stroke, survivors (44% were living in institutions, 17% were supported in their own homes by nonresidential carers, and 39% had live-in care support) are consuming 81% and 163% of the Estimated Average Requirement (EAR: the daily intake that is estimated to meet the nutrient requirement of half the healthy individuals in a life stage and sex group) for energy and protein, respectively [6] . While the protein intake appears adequate from a quantitative standpoint, the biological value (i.e., measurement of protein quality) of the protein, which is known to greatly influence physiological function in the body, is unknown and appears of importance to future investigation.
4.1.2.
Fracture. The incidence of hip fracture after a stroke is reported to be at least 1.5 times higher (evidence of up to 7 times higher) than in the general population [42] [43] [44] . Hip fractures in stroke survivors are associated with poorer outcomes, including a 3-fold higher incidence of postoperative myocardial injury and the need for institutionalization compared to nonstroke controls [45] . While physical inactivity plays a large role in bone density, formation, and strength, several nutrients also are indicated. Protein, calcium, vitamin D, phosphorus, magnesium, vitamin K, zinc, and the Bvitamins are associated with the formation, construction, and maintenance of healthy bones. Although the relationship of the majority of these nutrients to bone density and/or fracture risk specific to stroke risk is unknown, several are implicated in the elevated fracture risk.
A high prevalence of vitamin D insufficiency and excess bone resorption is observed in stroke survivors [45] [46] [47] . Because of impaired mobility, especially outdoors, sunlight exposure is often reduced, resulting in a subsequent vitamin D deficiency [48] . However, even when normal vitamin D levels are observed, significant bone mineral density loss may occur after stroke [49] . Further, the rates of osteoporosis are similar between stroke survivors with and without vitamin D deficiency [50] , suggesting that vitamin D status is not the only factor affecting bone metabolism. In vitamin D-deficient older stroke patients, a low vitamin K status may further increase fracture risk, especially on the paretic side [51] .
Elevated homocysteine levels, which are observed in a third of stroke survivors [52] , also are implicated in elevated fracture risk [53] . Lower intakes of the B-vitamins (folate, vitamin B6, and vitamin B12) are associated with higher homocysteine levels. Approximately 25% of stroke survivors have low plasma B-vitamin status [54] , indicating that stroke survivors may be at risk for fracture due to low B-vitamin status. Additionally, alcohol use may destroy B-vitamins, with ∼15% of stroke survivors drinking more than the weekly recommendation for alcohol [37] . Conversely, higher serum vitamin B12 levels (>475 pg/mL) also are related to several adverse events, including greater risk of hip fracture risk among stroke survivors [45] , but the mechanism for this elevated risk is not currently understood.
These data suggest that the impact of specific nutrients on bone health is not well elucidated in stroke survivors. However, they indicate that early monitoring of the plasma concentrations of vitamins D and K and the B-vitamins may aid in the identification of elevated fracture risk following a stroke.
Nutrition Status and Physical Dysfunction.
In survivors six months after discharge from a stroke, a suboptimal nutritional status is associated with having difficulty buying and ingesting food and fatigue [18] ; and decreased caloric and protein intakes are associated with physical impairment and disability [6] . Further, stroke survivors with eating problems are more likely to have dependency in other activities of daily living [55] . In addition to loss of skeletal muscle mass, inadequate caloric intake and poor diet quality can lead to weakening of respiratory muscles and compensatory declines in cardiac function, which may affect the ability for patients to participate in and benefit from rehabilitation.
Although the consumption of fish and/or fish oils, specifically omega-3 long chain polyunsaturated fatty acids, by chronic stroke survivors is not documented, nonstroke populations suggest that higher plasma omega 3 concentrations protect against accelerated age-and disease-associated decline of physical performance and muscle mass [56, 57] . There is some suggestion that the mechanism of action of omega 3s on physical function and muscle composition may be through its effects on inflammation and oxidative stress [58] . The associations of other antioxidants and antiinflammatory nutrient status (i.e., vitamins C and E) in nonstroke populations on the prevention of muscle loss appear equivocal and are reviewed elsewhere [59, 60] . Currently, there is insufficient evidence supporting the assessment of Stroke Research and Treatment 5 omega 3 or other anti-inflammatory or antioxidant nutrient profiles as a marker of poor physical functioning after stroke.
Nutritional Status and Psychological Dysfunction

Depressive Symptoms.
Depression is prevalent in ∼25-30% of chronic stroke survivors [61] . In older (>70 years old) survivors ∼2 years after stroke, survivors with elevated homocysteine concentrations are twice as likely to be classified as clinically depressed [52] . Low folate and vitamin B12 deficiency are implicated in this process as both are required for the biosynthesis of serotonin, dopamine, and norepinephrine, as well as in cerebrovascular burden [24] . Dopamine is made from the amino acid tyrosine and serotonin from tryptophan; thus if there is a lack of any of these two amino acids, there will not be enough synthesis of the respective neurotransmitters identifying the need for adequate protein. Additionally, significant correlations between lower fish consumption and higher rates of depression are observed in nonstroke populations [62] . Omega 3s plays a role in modulating synaptic membrane receptor function in the central nervous system, especially in the cerebral cortex [63] . This alteration can disrupt basic neurotransmitter activity, including serotonin. Finally, there is evidence that at six months after stroke, those with the lowest vitamin D concentrations may have a higher prevalence of depressive symptoms [64] . The mechanism whereby vitamin D may be associated with depression is not clearly understood. There are vitamin D receptors in the hypothalamus, which may be important in neuroendocrine functioning [65] . Several studies identify an unfavorable influence of depression on functional outcomes after stroke [66, 67] , indicating the potential benefit of assessing and addressing nutritional inadequacies associated with depression in stroke survivors undergoing rehabilitation focused on functional recovery.
Cognitive Impairment.
Approximately 16% of chronic stroke survivors are cognitively impaired [68] . It is observed that the community ambulation rate is higher in cognitively normal stroke survivors at six months after stroke than those that have a cognitive deficit [69] . Further, while it is determined that rehabilitative care is equivalent for patients with and without cognitive impairment at six months, those that are cognitively impaired stroke patients experience worse recovery of activities of daily living [7] .
High plasma homocysteine concentrations are an independent risk factor for cognitive impairment and dementia [70, 71] . There are many possible mechanisms by which homocysteine may affect cognition, including effects on cerebral vasculature and inflammation [72] . Lower B-vitamin intake is associated with greater cognitive dysfunction in older adults, some of which had a history of stroke [73] . Similar results are observed between low fish intake and greater cognitive dysfunction in acute stroke survivors [74] , but this relationship is currently unexplored in chronic stroke. Possible mechanisms include the role of omega 3s on neuronal functioning, inflammation, and oxidation [75] . Further, in nonstroke populations, there is evidence that deficiencies in antioxidants such as vitamins C, D, and E and betacarotene, as well as the presence of nutrition-related disorders such as hyperlipidemia, hypertension, and T2DM could be some of the nutrition-related risk factors for cognitive impairment [76] .
Conclusion
These data indicate that a suboptimal nutritional status, including an excess caloric intake, reduced protein intake, and micronutrient deficiencies (particularly the B-vitamins, vitamin D, and omega 3s), may have deleterious effects on metabolic, physical, and psychological functioning in chronic stroke survivors. However, the majority of the available literature is limited to cross-sectional studies examining the relationship between individual nutrients and recovery outcomes, which does not imply causation. Clinicians should consider the careful evaluation of dietary intake, especially among those with eating disabilities and preexisting malnutrition, in order to identity individuals at increased nutritional risk. A recent review summarizes the promising effects of nutritional modification, including oral intake retraining and alteration of dining conditions, behavior modification (i.e., reducing alcohol and fat intake and increasing fruit and vegetable intake), and supplementation on secondary stroke prevention, physical functioning, depression, and cognitive function in chronic stroke survivors [77] . Thus, the identification of suboptimal nutrient intake may allow for early intervention to maximize nutritional status, aid recovery and rehabilitation, and prevent further complications after stroke.
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